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13.1: Synthesis of Chiral Drug Molecules

Designing New Medicinal Drugs:
How do we o about designing new molecules o fight 'Ef?EEEIEEIE? One way is ?ldﬂﬂlﬁ¥ the Struchyey)
featuree the new drug will need to siop parficular baclenia or viruses working. The structural fealuras
may be associated wih the active site on a particular enzyme needed for an essenlial function of |

pathopen Once these structural features have been identified we can then predict the shape gf .

mabecube that would fit into, and hence block, the aclive site.

The functonal groups present would also be crucial to ensure the drug could bind into the active Sita
effectvely

The intermolecular bonds formed between the drug and its target molecule could involve:

hydrogen bonding

ionic atfraction

dipple—dipole forces

msianianeous dipole-induced dipale forces {van der Waals' forces).

b O I

Computers are now used to judge the fit betw i

omg een a potenlial drug molecule and a receptor site an i
ta e;f-: mnle:ule._ Such mula:utar modelling has greatly speeded up the process of Eﬂsignin;m
medicnes. The interactions and fit of a potential medicine with a biological receptor molecule can be
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before the medicine is ever made in the |ap,

ot Before molacyl i "
gl | of a new medicinge ||'I'|I'ﬂ|'o.l'ﬂd far more tri eCcular ITiﬂdEﬂlng became available, the
ﬂm:;ismedh:inﬂ for testing. al and arror. Chemists had to prepare ma ny mare
" delling, only i
(i molecular 738 9. onty those molecules that are definite possivilities are made and tested.

modelling on a compuler is now g e :
;Teimegua;pﬂﬂnds (e.g. pesticides and pulymgr‘;;‘_mu' tool, used when designing medicines and many

: { research was used in the fight against i
e tyPE o 3 : Ganst AIDS in the Iata 1980 ienli [
Lm- " yetallography (a method in which a sample is e s and 1990s. Scientists using

Ao rked out the shape of HIV : with X-rays and the patiern is analysed
compuler} worked oul prolease in 1988, This anz ' |
"“ ..—in:t:- wecomes infectious. Researchers realized that, 7B P S Impotuit cole oo

AL if a molecule ¢ i
Lk ite active site, this might be one step on the ould be discovered that could

; route to finding a cure for AIDS Knowing the molecule
i rked on (ils substray 0

3t the enzyme worl ' ale), researchers were able cons lecul
Z:-. :;I\..I‘IE'F : 1o fil the aclive sita. truct similar meolecules on the

e frst attempts filted perfectly, but were not water soluble. This me
.- i tarpet, the HIV protease. Eventually a soluble
inend, I less than 8 years pharmaceutical
eaple with HIV/AIDS,

ant the drug could not be delivered
matecule that would interfere with the enzyme was
companies had developed three new anti-viral drugs for

- .__.( '__;.

This would have taken about twice as long if the structure of HIV protease had not been ﬂ?‘[ﬂf”:jm-
Traditional trial-and-error methods involve the testing of many thousands of possible drugs. ghe eatl_‘:
rate from AIDS dropped significantly. However, the virus dever?ped rasm.iana:t‘i 1; th?nfni? rugsd asr;
misted. So scientists now have to model the new drug-resistant strains ?-,'h'ta ; f 'ir; E:n ;f o
tevelaping new drugs 1o inhibit the mutant versions of HIV protease. These inhikélcrs ere ane p

tockiad of drugs that can be used to treal the disease now.

identifying Macromolecules:

: o .
"R tpeciroscopy is also used extensively in findlngluul the i}mctutres 2; t;fm‘?-lglatc?:] r:;ma ::Tn ;:
tuch as proteins and nucleic acids. As well as identifying the di arenaltgﬁ‘ B e
“Whesticated data can yield, for gxample, the distance between

5 1o reveal the shape of the molecules
#Tunts ed by compuler program of the molecules
uTﬂgﬂi:i?_ﬂml_afe r;:nini::;esdaanng Eﬂﬁ'f;&d show images nhl?;r:judl ;E;nnrémgr:;a;ysus of two protei
oleciles mlsggétlr; frngrn over 100 amino acids. These are callect
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Ribbon diagrams of the protein rn!:Ie-cLilEH-
containing variable number of amino acids.

Tnis NMR analysis takes place in solution, so itis particularly useful for medical research, Many human

proteins exist in solution in the body s0 we can mimic the interactions thal take place in cells or in the
boodstream,

Chirality in Ph armaceutical Synthesis:

The pharmaceytical industry is constantly searching for new drugs. Their research chemists haye
discovered that most of these drugs comain at least one chiral centre, Remember that a molecule

conlaining 3 carbon atom bended fo four different aloms or groups of atoms can exist as two nan.
Superimposable mirrar images,

These two isomers are callad enantiomers and they will be optically active. They dil’rrar in t_halr ability 1o
roiate the plane of polarised light to the left or to the right. Usi

the desired product will yield a 50 : 50 mixture of the two en

Although the physical properties of the enantiomers will be identical, each differs in jte ‘vharmaceutical
activity’, Le. the effect the drug has on the body.

by arthritis, One enantiomer will ease
EXampie, one enantiomer of 5 drug used to

5. Therefore, chemists ideally
&re Eingle enantiomers.

Using Pure Enantiomers will be Beneficial as jt:

~ reduces the patient's dosage by half as the Pure enantiomer is mera potent, ie. has better
therapautic activity (thereby cutting costs of productic
=~ minimises the risk of side effects {thereby protactin

There are three ways to prepare
1. optical resolution

2. using optically aclive starting malerials
3. using a chiral catalysy

Optieal Resolution:

This method invalves the chemists following
resulting in a racemic mixture, Then thy Separy
resolution. ¥ Soparaio e two i

This invelves using a PUre enantiomer of another ant: ;
that will react with ane of the isomers |n 1T Opticall .

: "y nd (called 3 chiral auxiliary)
Mysical meang PrO0UEE formeg iy now have different

NG the neu ‘;:f;"“'”'“ e solubility i, 5 given solvent
Ut 20 ba separatad by fractional
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flisation. The new ;:!rn-dum 15 then con .
ﬂﬂ;? o ding dilute alkaii). verted back to the desirag enantiomer in a simple reaction
ﬁﬂ rystallisation is repeated many times to ensyre

 arge VOIUMEsS of organic solvents (often harmful 1q the environment) are used in the process

Hmﬁwraﬂ?zﬂ;ﬂ::;i:f:: :i;“sﬂszlmeg:crltlnm carbon dioxide as a solvent, which is much safer, At
417G an e, L0z is a suitable non-polar solvent for many drug derivatives

" he racemic resolution process. The solubilit ] :
:::;r:jgnsi‘l'_lf of the solvenl. The solvent, which l;’nﬂ; the derivalives can be changed, simply by varying

e o recycling it 10 use in the process Saiin n-toxic, is easily removed by reducing the pressure

we can also use high-performance liquid chromato

: - x raphy to =e ic mi
< the stationary medium {e.g. the solid that e graphy parate a racemic mixture, as long

column) is itself optically active.
using Optically Active Starting Materials:

Ths technique uses starting materials that are themselves optically active and in the same orientation
g5 the EEE.‘E-II‘_Ed PI'GEILII:'F. These are often nﬂturﬂ"}l‘ ﬂﬂ.ﬂurring nump“und$ &uch as !'bﬂh',-."drales or
L-aming acids. Th_e biochemist will choose from this 'chiral paol. The synthetic route is designed to
kep any intermediates and the final product formed in the same enantiomeric form. As a result, there
it R need 1o camy out the Cﬂﬂﬂ'_lf' separalion process needed when a racemic misture iz produced.

Chiral Catalysts:

Chemists are also developing new chiral catalysts that ensure only one specific enantiomer is formed
in @ reaction. The benefits of these catalysts are that only small quantities are needed and they can be
used over and over again, although the catalyst itzelf can be expensive,

Aruthenium (Fu) organometallic catalyst is usad in the production of naproxen. Often a combination of
colical resolution and chiral synthesis is needed in the production of a pharmaceutically active, pure
Enantiomer,

The pharmaceutical industry can also use enzymes to promote stereo selectivity and produce single-
enantiomer products. The specific shape and the nature of the molecular interaclions at the aclive site
¢f an enzyme ensure only one enantiomer will be formed (25 in living things). The enzymes are often

e -H
':i':-]r.'l s ™
prganomatalisc
ruthensm cataly st
{a ¢hiral catalysty
CHy H
\.‘ mcf
AN CO0H
. , .
,‘«;‘1"--:5:]""1‘-::-5";
cH0™
napronen

(drug for arhreis)
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a be zed
immobilised (fixed in place) on inert supports. This anahlsﬂsﬂétﬁh:?;;i;::n.l pas over them
without the need to separate the product from the enzymes
ing things. Using whole Drgﬂnisn:lsi such ag
K es can also be made, designed for g

However, it can be expensive isolaling enzymes from li
e from the limited pool available from

bacleria, can reduce this cost. Nowadays, synthetic enzwﬂm
particular synthesis. Therefore a search for a suitable enzy
natural sources is nol always necessary. ; .
in the long run the benefits generally outweigh the disadvaniages. In the
synthesis route, resulting in a ‘greener’ process.

13.2: Synthetic Routes:

When research chemists want to make a new compound, they usually work backwards from the desireq
compound to create a series of reactions, starling with & compound extracted from a commonyy
available raw material, In industry, common starting materials are hydrocarbons from crude oil and jis
refining, and compounds extracted from plants, such as esters from fats and vegetable oils.

You will need some of the skills of a research chemist when tackling questions that involve:

# predicling the reactions of complex molecules you have never seen before, containing more than
one functional group

» suggesting a series of reactions to make a given compound from & given starting compound.

In order to be successiul in answering these questions, you will need to be familiar with all the reactions

&nd conditions of each homologous series mentioned in the syliabus. The flow chart in Figure iz g

summary of these reactions,
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13.3: gnd of Chapter Past Paper Questions
B I 17P41/Q5, OIN 17/P43/Q61b,0

; Benzocaine is used as a local anaesthetic, It can be synthesised from 4-nitromethylbenzene
{a by the route shown.

] :H'.‘ E-H:,

cizn 1 step 2

MG, HH, RO,
A-sitrpmathylbenzens
sten d
GO, TH,CH, COLH CoH
thsp § atap 4

e P e

ElH, HH, HRHEOGH,
EeLICCRIA W

(i Give the systematic name of compound W.

— Y
(i} Suggest the reagents and conditions for steps 1= 5.
BB L oo ms i i i s
-1 - v " ——
step 3 ...
slepd ...
1 [T o T .
[6]

[y Benzacaine can also be used to synthesise the dyestufl S by the following route.
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I
CO,CH.CH,
slep 1
—
NH,
R =
benzocaine
step 2 | NaOH(aq). ODH
phanal
s L ———

(i) Suggest the reagents used for step 1.

e
(i) Sugges! struclures for compounds R and S and draw them in the boxes,

[2]
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a2: MiJ 17/P42/Q8/a

a) The amino acid lyrosine can be synthesised from phangl by the route shown.

step 1 UO\EHD step 2 =
H H ¥ CH

phenol
} step 3
NH,

5
step 5 ! — OH
H o H CaH 1.Pq, GH

2HO H

K

(i) Name the mechanism occurring in the following steps.

[2]

{ii) What fype of reaction is occurring in step 37

= s Sl e = S [1]

{iii) Suggest reagents and conditions for each of the following steps.

T 0 O

BIEBD 2 iivirrmrrrecaicnnans

[51

fiv)  Draw the structures of the products of the reactions of tyrosine with an excess of each

of the following reagents. "
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Q3: MIJ 17IP41/Q4, MIJ 1TIP43/Q4 e G saads. Treating "
Garvone occurs in spearmint and a slareoisore okl uf seamers with the structural formy
isomer with hydrogen over a nickel catalyst produces a mixture of 15 a

EXk

with NaOH(aq)

with HCI(ag)

: with Br.{aq)

_—-_—

H, +Ni ‘_..-a'tlll'I
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¥ gan be synthesised from methyibenzens 3y the following route

slep 1 NO NH

@ - 2. * step3 2
—_———

methylbenzene

step 4

OH OH N M,
*C
Q/ SlEF- 6 @/ step 5 : : 2 {
~—
X

(b) i) MName the mechanism in step 1.

ceren [ 1]
(i) What type of reaction is occuring in the following steps?

e g O —
2312 [ O
[2]

(i}  Suggest reagents and conditions for each of the following steps.

step 1.

etep 2icanns

slep 3.....
e[ 8]

d 1o the benzene ring to oroduce the cyclohexane ring in X.

step 4......

:E: ; Dunng SI'EI'.'I. ﬁl h:'rd;ﬂugeﬁ is adde : -
The six hydrogen atoms are all added to the same side of the benzene ring.

(i} State the reagents and conditions needed for this

raaction.
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(i) Complele the part structure o show the structure of the isomer of X that would most
likely be obtained during this reaction.

e
[
-
=
=
-‘-

=
X
Q4: O/N 16/P41/6, O/N 16/P43/Q6
Ibuprofen and paracetamol are pain-relief drugs.
" D D
OH OH )]\
M
H
ibuprofaen
paracelamol
{a) |buprofen and paracetamal both contain the and (benzene) functional group.
MName the other functional groups present in each molecule.
IDUprofan..... ..o
paracetamol......cowmmmn .
(2]
(b} lbuprefen contains a chiral cenfre and shows stereoisomerism.,
(i) State what is meant by the term chiral cenira.
- [1]

(i} Draw the two slerecisomers of ibuprofen.

/ -,{"'*i:r 1,“..--/'- ,,ﬂx:

[2]
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) D!;?‘WLE::W‘“”'“E of the organic products when ibuprofen and paracetamol react separately
Wl ~

product with ibuprofen

= L product with paracetamol

) A student carried oul some reactions with selutions of ibuprofen and paracetamol using
reagents D and E and the following resulls were obtained,
(+ means a reaction took place.)

| reagent | ibuprofen | _;J_arac_earaf_ -
“ D J j X
E | X | s
(i) Suggest a possible identity for each reagent D and E.
R A
E
(2]
(i) Give the structure of the organic product formed when reagent D reacted with
ibuprofen.
product with ibuprofen
i o)

(i) Give the structure of the organic product rormas when reagent E reacted with
paracelamaol.
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product with paracetamol

(e One of the steps in the manufaclure of ibuprofen is shown.

CH,COC |
—
AIC Iy
]
X Y
(i) Wrile an equation for the reaction between CH:COC/ and Al Cf 2.
- [1]

{ii) Compiete the mechanism for the conversion of X into Y. Include all necessary curly
arraws. any relevant dipoles and charges.

(i) Name the mechanism in {ii}.

- [1]
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()  Carboxylic acids can be converted into primary amines by the following sequence of reactions.
(i) Suggest the idenfity of intermediate D and write its siructure in the box above. [1]

(i) Sugges! the reagents for

s BT SC R)
1

1 i IR RN

step 1
REOH ——r

8]

slep 2

tep 3
RCONH, —b—u

(b)  Four compounds, E. F, G and H, are isomers of each other.
Each compound contains an aromatic ring and twe functional groups from the following list.

« alcohal

» amide

» aming

« carboxylic acid
v gglar

+ phenol

(i) Which of these functional groups react readily with cold HC/ (ag)?

(i} Which of these functional groups react readily with cold NaOH({aq)?

The malecular formula of the four isomers, E, F, G and H, is CaHaNOz, All four compounds are

insaluble in water. Table 1 shows their solubilities in acid or alkali.

compound | solubility in HCI{aqg)

solubflity in NaQHiag)

E insoluble insoluble
F soluble soluble
G soluble insoluble
H insoluble soluble

| —

[2]

. [1]

el



Unit-13: Organic Syngheg,,
A2 Level Chemistry Notes e

: the list o
(i} Use this information to suggest the twa functional groups, taken from M page

10, that each compound contains.

compaund first functional group | second funclional group

E |

H

liv) Suggest a structure for each compound.

[4]



